An alternative to the cosmological standard model , the Lambda-CDM model, is constructed using the hypothesis of the existence of a minimal fundamental length, the Planck length. I show that using these hypothesis, is possible to account for the accelerated expansion of the universe. These argument is inversely used to proof that these minimal length exists.
Introduction
Recent astrophysical data show that our universe is in acceleration. To account for these fact, in the Lambda-CDM model, a cosmological constant is used, with the meaning of a mysterious form of Dark Energy, for a review see [1] and related refs. These cosmological constant account to about the 70% of the total mass energy density. Another alternative is the modified Gravity, see [2] [3] and related refs. Here I want to present a model for the expanding universe based on the hypothesis of the existence of a minimal fundamental length, the Planck length. Under these hypothesis I construct a model for the expanding universe different from the ones cited, that can be tested with experimental data. To do these I use Casimir effect, calculate the vacuum Casimir energy and show that these energy is finite and can account for an accelerated expansion of the universe. Finally I argue that these result can be used like a proof of the existence of a minimal Plank length and of a maximum related moment.
Cosmological Casimir effect with a minimal length
To start let us consider an homogeneous space time in an comooving coordinate system.We can assume that the metric tensor is given by
where µ = χ, θ, φ, T µµ is the pressure of the system and T tt is the energy density, that can be estimated. We can make the hypothesis that a minimum lenght, say the Planck lenght, exists. Under these hypothesis we can say that also a maximum momentum exist, and that the energy momentum relation is modified at very high and low momentum. We can write the energy momentum relation in the form
So we can write for the Casimir energy
where
In this equation, the integration starts from 0 for the open or spatially flat universe, and from 1 a for the closed universe. Note that we are completely disregarding the contribution of matter and radiation that, as it will be evident later, is negligible. So we finally obtain for Einstein system
Here we substituted the second equations of (2)with the energy conservation equation, see [4] . The second of these equations can be used to determine T µµ , so we will ignore it. Let us now consider the function F (λ, a).From dimensional analysis it follows that
In fact we can write
Now ω c has the dimension of an inverse length, so the only way to write it is
Here, α and β are analytic functions.
We have to subtract to these quantity, it's infinite limit
In these way we obtain the net Casimir energy
where B is an analytic function of λ/a with B(0) = 0. And these is our final expression for F (λ, a).
The accelerating universe
Now we can return to Einstein equations and write
Is evident that these is an equation for an accelerating universe, different from the one of the cosmological constant model. If now we set λ = λ P lanck obtain (ȧ c
For the leading term we have now
note that the matter and the radiation densities are negligible because they are respectively of order 1 a 3 and 1 a 4 . I want to stress that these expression is obtained using (3). The fact that we can write the vacuum energy in these way is not trivial and, however, we don't know explicitly these expression so we are not able to give an explicit form of F (λ, a). But, as showed, these is not necessary in the limit of large a(t). Relation (11) can be tested experimentally using cosmological data, with the purpose of accept or exclude it as a physical theory.
